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Restoration of degraded thicket landscapes can be achieved by planting Portulacaria afra (spekboom) cuttings. The factors determining P.
afra abundance in thicket types not dominated by P. afra are of interest to restoration practitioners because they could influence restoration
protocols using P. afra cuttings in these landscapes. We consequently investigated the relationship between P. afra cover and soil properties,
namely pH, EC, organic C, particle size distribution and total content of 26 elements at 78 sites in the Fish River Reserve, Eastern Cape province,
South Africa. P. afra cover showed a consistent pattern of constraint at extreme levels (both high and low) of subsoil EC, organic C, sand content,
Ca, Zn and Al. The results suggest that P. afra is most competitive in intermediate edaphic environments in the Fish River Reserve. It remains to
be investigated in restored landscapes whether P. afra cutting survivorship and growth are greater in such soils.
© 2011 SAAB. Published by Elsevier B.V. All rights reserved.
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Large scale restoration of degraded thicket landscapes in South
Africa is being undertaken by planting Portulacaria afra Jacq.
(spekboom) cuttings (Mills and Cowling, 2006; Mills et al., 2007;
Sigwela et al., 2009). Most of this restoration work has taken place
in thicket types that are dominated by P. afra in their intact form.
There is, however, scope for using P. afra cuttings to restore
degraded thicket landscapes that were not previously dominated by
P. afra. In such landscapes, the following questions need to be
tackled: i) what is the appropriate planting density? ii) will P. afra
function as a ‘pioneer’ or ‘cover crop’ which improves the
microclimate and soil environment to enable other thicket species to
establish through time? iii) will P. afra cuttings show patchy
establishment, mirroring the distribution of P. afra in the intact⁎ Corresponding author. Tel./fax: +27 21 7151560.
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doi:10.1016/j.sajb.2010.12.008system? and iv) if the establishment is patchy, what soil or
environmental conditions are responsible for the patchiness? A
critical step towards answering the above questions is to acquire a
basic understanding of the influence of biophysical factors on
P. afra. To this endwe investigated the relationship betweenP. afra
cover and a range of soil properties in the Fish River Reserve,
Eastern Cape.2. Material and methods
Vegetation data and soil samples were collected from 78
monitoring sites across seven different vegetation types in the
Fish River Reserve (Vlok et al., 2002; Vlok et al., 2003; Fig. 1).
The vegetation was monitored according to a modified Point
Centred Quarter Method (PCQ) that prevents oversampling of
small trees in the dense thicket vegetation (Trollope et al., 2004).
At each site, data were collected from 25 sampling points,
situated 10 m apart on two parallel line transects 25 m apart andts reserved.
Fig. 1. Monitoring sites within the Fish River Reserve, with vegetation defined according to the Subtropical Thicket Ecosystem Project (Vlok et al., 2003).
Fig. 2. A hypothetical relationship between P. afra cover and any given soil
property, depicting constrained and relatively unconstrained zones. White
circles—boundary points; black circles—all other data points.
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plant species name, height, crown diameter and distance to the
lowest browsable material. These parameters were used to describe
the botanical composition and density of the vegetation (see
Trollope et al., 2004; and Van den Broek et al., 2008 for detailed
methodology). The percentage cover of P. afra at each of the
monitoring sites is presented in Table 1.
Soil sampling was conducted adjacent to the transects. Ten
soil pits (to a depth of 25 cm) were excavated in each transect,
and effective root depth, root density and soil depth were
measured in each pit. Soil samples were taken from two depths:
topsoil (0–3 cm) and subsoil (20–25 cm). pH and EC were
measured in a 1:5 soil:water solution. The pH was additionally
measured in a 1:5 1 M KCI solution. All other analyses were
undertaken on a composite sample formed from all 10 of the soil
pits. Soil organic carbon (C) was determined according to the
Walkley–Black method (Walkley, 1947), and contents of sand,
silt and clay by the hydrometer method (Day, 1956; Van der
Watt, 1966). All subsoil samples were digested in nitric-acid
and hydrogen peroxide as detailed in the US Environmental
Protection Agency Method 3050B (EPA, 2007) and the
resultant solutions were analysed for Li, Na, K, Rb, Be, Mg,
Ca, Sr, Ba, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, Cd, Pb, Al,
Si, B, Se, and As by inductively coupled plasma atomic
emission spectrometry (Agilent 7500 ICP-MS with an octopole
reaction system for interference removal). Elemental analyses
were conducted on subsoil rather than topsoil samples, in order
to reduce the effects of deposition on the soil surface (e.g.
animal urine and faeces) on the data set. The subsoil was
deemed suitable for reflecting general soil conditions encoun-
tered by P. afra and other thicket species.
For all 78 samples, P. afra cover was plotted against each
nutrient content in a scatter plot. By identifying boundary lines
around the scatter of data in plots of x and y variables from a
large dataset (n preferably N100), constrained and relativelyunconstrained zones can be graphically depicted (see Fig. 2).
The constrained zone delineates an area in the graph where the
independent variable is conceivably exerting constraint on the
dependent variable. P. afra cover is conceivably constrained by
various soil characteristics. The qualifier ‘conceivably’ is
important, because the constraint could be from another variable
that is correlated with the independent variable. Consequently,
causality cannot be established but only surmised. In contrast to
the constrained zone, the relatively unconstrained zone
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exerts minimal constraint on the dependent variable. It is
important to note, however, that within this relatively un-
constrained zone the dependent variable will in most instances
be constrained by other variables, and consequently only a
small proportion of the data points has minimal constraint and
occurs near the boundary line.
An algorithm to extract boundary points from the scatter plot
between two variables was developed. It was assumed that each
scatter plot formed a part or the whole of a bell-curve with
asymptotic tails.
The algorithm was run through the range of the response
variable, i.e. from ymin to ymax for all of the data. For each iteration,
n, xmin and xmax were extracted for yn→max and the maximum
values of y at both xmin and xmax were identified. The points
identified at each iteration were stored as the boundary points for
the first round of the algorithm. The first round of boundary points
was then removed from the dataset and the algorithm was repeated
to extract a second layer of boundary points to increase the size of
the boundary point dataset. These two sets of boundary points were
combined and used to quantify a boundary line. The most
appropriate boundary line was determined using Table Curve 2D
software version 5.01 (Systat Software Inc., 2009), which analyses
tightness of fit of more than 3665 non-linear equations. Boundary
line equations were ordered according to their F-statistic, and the
ten tightest-fitting equations were ‘short-listed’. The final selection
of a boundary line from the short-list was based on a visual
assessment of outliers, always giving priority to the simplest
equation. Inmost cases, the selected equation was also that with the
largest F-statistic. However, the principle of parsimony (that one
should notmakemore assumptions than theminimumneeded)was
applied to visually similar boundary lineswhen comparing a simpleFig. 3. The relationship between P. afra cover and certain subsoil properties. Equation
points identified using an algorithm described in the Methods Section; open circlesequation to a more mathematically complex equation with a
slightly larger F-statistic.
The definition of boundary lines improves with an increase
in the sample size (see Appendix). In our study, there were
insufficient data points to generate a dense ‘data cloud’ within a
scatter plot. Consequently, parts of the boundary line are not
populated with data points, and additional sampling is required
to confirm all zones of constraint evident in Fig. 3. An arbitrary
cut-off R2 value of 0.65 was selected.
3. Results and discussion
P. afra showed a consistent pattern of being strongly
constrained at extreme levels (both high and low) of subsoil EC,
organic C, sand content, Ca, Zn and Al in the Fish River Reserve
(Fig. 3). We note that across the thicket biome P. afra dominates
landscapes in the form of Spekboomveld or Spekboom Thicket
(Vlok et al., 2003) across an exceptionally wide range of climatic
and soil conditions: from approximately 200 to 800 mm mean
annual rainfall, on nutrient-rich, alkaline shale-derived soils as well
as nutrient-poor, acidic sandstone-derived soils. This suggests that
P. afra is tolerant of a wide range of soil conditions and is unlikely
to be constrained directly by any of the soil properties analysed. A
catenal effect was ruled out as a possible explanation for the
patterns of constraint in Fig. 3 because sites with relatively high P.
afra cover tended to be located on the crest of hills or in flat
landscapes, rather than on mid slopes where nutrient content, for
example, would be expected to be intermediate. The constraint of
P. afra in the extreme edaphic environments in the Fish River
Reserve is consequently likely to be a function of correlated factors
related to position in the landscape (e.g. temperature or frost) and/or
competition from other plants. The nature of the constraint and thes for boundary lines are presented in the Appendix. Black circles depict boundary
depict all other data points. n values refer to the number of boundary points.
Table 1
P. afra cover in different vegetation types in the Fish River Reserve.
STEP vegetation type % P. afra cover Standard deviation
Fish Spekboom Thicket 8.8 14.9
Fish Thicket 6.8 N/A ⁎
Fish Noorsveld 6.1 14.9
Crosslands Grassland 0.4 1.5
Double drift Karroid Thicket 0.3 0.6
Bedford Savanna Thicket Not recorded Not recorded
Fish Valley Thicket 0.0 0.0
⁎ Only present at one site.
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investigation. For example, competition from other plants could
potentially be mediated by factors such as soluble salts (i.e. EC),
nutrient levels (i.e. Ca and Zn), and texture (i.e. sand content). The
relationship of P. afrawith Al may also reflect an influence of soil
texture, given that Al tends to be correlated with clay content
(Goldberg, 1990; Pionke and Corey, 1967). Laboratory analysis
of clay content is fraught with analytical difficulties, and
consequently Al content may be a more accurate reflection of the
ecological impacts of soil texture. Interestingly, P. afra was also
strongly constrained at low and high levels of organic C in subsoils.
This is unexpected because P. afra has been associated with
exceptionally high levels of organic C (Mills and Cowling, 2010;
Mills et al., 2005). Mills and Cowling (2010) found that stocks of
organic C are constrained in relatively nutrient-poor soils, and that
maximal stocks of organic C occur in relatively nutrient-rich soils
in Baviaans Spekboomveld (Vlok et al., 2003). A possible
explanation for the constraint of P. afra on subsoils with relatively
high levels of organic C in the Fish River Reserve is that such sites
have a relatively high soil water availability (as a result ofCa Eq. (A.1) y = a 1 + nð Þ −d + 1dð Þn d + 1ð Þ
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 differences in relief and aspect between sites) and that this results in
the establishment of mesic thicket species to the detriment of P.
afra which is most competitive in arid environments.
It remains to be investigated whether P. afra cuttings
demonstrate better establishment when planted in intermediate as
opposed to extreme edaphic environments within the continuum of
soil properties in the Fish River Reserve. This could potentially
have a bearing, particularly in terms of cost effectiveness, on
identifying themost appropriate restoration practices across a range
of soil types. In terms of maximising biodiversity return into
restored landscapes, it will be valuable to know whether other
species show greater recruitment below the P. afra canopy in
locally extreme edaphic environments. If such a process is
observed, it would suggest that P. afra could function as a cover
crop, and that dense planting of P. afra cuttings is an ecologically
appropriate restoration practice even in thicket landscapes whereP.
afra is not a dominant species.
Acknowledgements
The data used in this study was part of the baseline study for a
Vegetation Monitoring Programme that was commissioned and
funded by the Eastern Cape Parks and Tourism Agency. We
gratefully acknowledge their contribution and the contribution of
the SELS Programme (Wageningen University). Our thanks go to
the South African government's Department of Water Affairs,
Natural Resources Management Programmes for funding this
research within the Subtropical Thicket Restoration Project—a
component of the national Working for Forests programme.
Rosanne Stanway is thanked for preparation of the manuscript and
L. Brussaard for discussions during the research.Element Equation Variables R2 F-statistic
Appendix. Boundary line equations for Fig. 3a=45.27
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c=0.32
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